Materials
All chemicals were obtained from Alfa Aesar (Tianjing, China) and used without further purification. All short oligo-DNA strands were purchased from Invitrogen. M13mp18 viral DNA was purchased from New England Biolabs. Water used in all experiments was Milli-Q deionized (18.2 MΩ.cm).
Method Preparation of tubular DNA origami
Detailed structures of tubular DNA origami used in this study are shown in Supplementary Fig. S1 , and the sequences of the staple strands are listed at the end. DNA origami assembly was done by mixing scaffold and staples to a final concentration of 6.25 nM and 15.625 nM, respectively, in a 1×TAE-Mg 2+ solution buffer (40 mM Tris, pH 8.0, 2 mM EDTA, 12.5 mM Mg(OAc) 2 ). This mixture was cooled from 90 to 25 °C at a rate of − 1.0 °C /min using a PCR thermal cycler. The assembled structures were purified from the excess staple strands by centrifugation with Millipore's 100 kD molecule-cutoff Centricon spin-filter in three cycles at a speed of 3,000 g for 10 min at 4 °C in the same 1×TAE-Mg 2+ buffer. The assembled origami structures were then collected at the end of the third cycle of filtration.
AFM measurements
For each measurement, 5 μL of the sample was deposited onto a freshly cleaved mica surface and left to adsorb for 3 min. 30 μL of 1×TAE-Mg 2+ buffer was added to the liquid cell and the sample was scanned under ScanAsyst model using a E scanner of AFM (Bruker Multimode 8). The proble used here was ScanAsyst Fluid+ (Olympus). All the images were only flattened by the AFM analysis program without other treatment. 
